Climate projections show Australia becoming significantly warmer during the 21 st 13 century, while precipitation decreases over much of the continent. Such changes are generally 14 considered to increase wildfire risk. Nevertheless, using a process-based model of vegetation 15 dynamics and vegetation-fire interactions, we show that while burnt area increases in southern and 16 central Australia, it decreases in northern Australia. Overall the projected increase in fire by the end 17 of the 21 st century is small (0.7-1.3% of land area equivalent to 12-24% of current burnt area, 18 depending on the climate scenario). The direct effects of increasing CO 2 on vegetation productivity 19 and water-use efficiency influence simulated fire regimes: CO 2 effects tend to increase burnt area in 20 arid regions, but increase vegetation density and reduce burnt area in forested regions. Increases in 21 fire promotes a shift to more fire-adapted trees in wooded areas and their encroachment into 22 grasslands, with an overall increase in forested area of 3.9-11.9% of land area by the end of the 23 century. The decrease in fire in northern Australia leads to an increase in tree cover (ca 20%) and an 24 expansion of tropical forest. Thus, although the overall change in burnt area is small it has 25 noticeable consequences for vegetation patterns across the continent. 26 27 Non-specialist summary: Simulations show decreased fire in northern Australia and increased fire 28 in central and southern Australia in response to projected changes in 21 st century climate. Climate-29 induced vegetation changes are as important as climate in determining future fire regimes. Changes 30 in fire regime are large enough to cause changes in vegetation patterns. 31 32 Additional keywords: resprouting vegetation, fire-induced vegetation changes, fire danger, CO 2 33 impacts on fire, fuel limitation, biome shifts 34 35 Running head: Future fire regimes in Australia 36 65 Here, we use the LPX-Mv1 DGVM (Kelley et al. 2014) driven by outputs from nine coupled ocean-66 atmosphere models forced using two different future scenarios of changes in atmospheric 67 composition and land use from the fifth phase of the Coupled Model Intercomparison Project 68 (CMIP5; Taylor et al. 2012), to examine potential changes in Australian fire regimes over the 21 st 69 century and the implications of these changes for natural vegetation patterns. 70 71 72
Introduction 37 38
Around 5% (0.41 M km 2 ) of the Australian continent burns annually, and all but the most arid parts 39 of the continent are susceptible to periodic fire (Bradstock et al. 2012; Hughes and Steffen 2013; 40 Murphy et al. 2013) . Fire frequency is particularly high in the tropical savannas of northern 41
Australia (1-5 years) although the intensity of these fires is relatively low, whereas more intense but 42 less frequent (>100 years) fires are characteristic of the forests of eastern Australia. Fires are 43 relatively frequent (1-10 years) in woodlands in the continental interior, but become increasingly 44 rare towards the arid regions because of fuel limitation (Murphy et al. 2013 ). Much of the 45 Australian vegetation is adapted to fire through strategies that promote rapid re-establishment from 46 seed or recovery through resprouting (Lawes et al. 2011; Bradstock et al. 2012; Clarke et al. 2013) . 47
Nevertheless, changes in fire regimes are of concern both because of the rapidly escalating social Knorr et al. 2016a, b) . Indeed, statistical modelling suggests either a reduction 59 (Krawchuk et al. 2009) or only a moderate increase (Moritz et al. 2012) in fire in Australia. The 60 reliability of these projections is compromised because they do not account for the impact of 61 changing CO 2 concentrations on vegetation productivity and water-use efficiency or for potential 62 changes in vegetation distribution and their impact on fire regimes under a changing climate. Both 63 of these effects are included in process-based dynamic global vegetation models (DGVMs) . 64
Methods

74
Study Area 75
Australia spans 29° of latitude, with a temperature gradient from tropical in the north to temperate 76 in the south. Much of the continent is arid or semi-arid. Precipitation regimes reflect the seasonal 77 migration of the subtropical anticyclone belt (Sturman and Tapper, 1996) . Most of the north is 78 influenced by southeasterly trade winds in winter and monsoonal flow in summer, and hence has 79 highly seasonal rainfall with dry winters and wet summers. The central interior, dominated by 80 travelling anticyclones throughout the year, is dry. Troughs between the travelling anticyclones 81 entrain maritime northwesterly airflows, bringing summer rain to parts of the east coast and 82 southern highlands. Southern Australia, dominated by travelling anticyclones in summer and 83 westerly winds in winter, has winter rainfall and relatively dry summers. Much of northern and 84 eastern Australian experiences considerable inter-annual variability in precipitation, associated with 85 the El Nino-Southern Oscillation. 86
87
The natural vegetation of Australia follows a structural continuum reflecting these rainfall patterns 88 (Groves 1994) . Closed forests are distributed discontinuously along the east coast from northeastern 89
Queensland to western Tasmania, in regions with year-round rainfall. Tall, relatively open forests 90 occur throughout coastal and montane southeastern Australia and in southwestern Australia, in sub-91 humid sites with either summer or winter rainfall. Woodlands occupy drier areas inland, wherever 92 rainfall is sufficient regardless of source or season. Mallee shrubland occurs in areas of southern 93
Australia with a long dry season but where westerly flow brings rain in winter. The arid interior is 94 largely characterized by shrubland and tussock grass. 95 96
Fire plays a major role in shaping Australian vegetation patterns, and many plants show adaptations 97 to fire (Lawes et al. 2011; Bradstock et al. 2012; Clarke et al. 2013 ). The different climate regimes 98 and vegetation types give rise to different fire regimes across the continent (Murphy et al. 2013) . 99
Most of the closed forests in eastern Australia burn infrequently, but when fires do occur in hot, dry 100 years the abundance of fuel leads to high intensity ground and crown fires. In the continental 101 interior, aridity prevents the build-up of high fuel loads, limiting both the occurrence and intensity 102 of fires. The seasonal precipitation regime in northern Australia allows fuel accumulation in the wet 103 season and promotes rapid fuel drying in winter. This results in frequent fires, but their regularity 104 prohibits the fuel build up and thus these fires are generally of low intensity. Seasonal precipitation 105 regimes in southern Australia are often characterised by high interannual variability, and this leads 106 to more unpredictable fire seasons than in northern Australia. The role of fuel loads in creating the 107 diversity of fire regimes across the continent provides a major justification for using process-based 108 modelling to investigate the impacts of climate change on fire regimes. 109
110
The Model and Modelling Approach. 111
We use the LPX-Mv1 fire-enabled DGVM (Kelley et al. 2014) to simulate the response of 112
Australian fire regimes and vegetation to climate changes resulting from two scenarios of 21 st 113 century changes in atmospheric composition and land use. We use outputs from multiple coupled 114 ocean-atmosphere models driven by these two scenarios to encompass the range of potential Vegetation within a grid cell is described in terms of fractional coverage of PFTs, defined by life 121 form (tree, grass), with grasses further subdivided by photosynthetic pathway (C 3 , C 4 ) and trees by 122 bioclimatic tolerance (tropical, temperate, boreal), leaf type, (broadleaf, needleleaf), and 123 phenological response to drought or cold (evergreen or deciduous). LPX-Mv1 differs from LPX by 124 including resprouting and non-resprouting variants of tropical broadleaf evergreen trees, tropical 125 broadleaf deciduous trees, temperate broadleaf evergreen trees and temperate broadleaf deciduous 126 trees. Climatic tolerance limits determine whether a PFT could occur in a grid cell. Establishment 127 rates are dependent on the area available for colonization, except that resprouting PFTs have lower 128 establishment rates than non-resprouting PFTs. The abundance of each PFT is determined through 129 competition, as a function of PFT-specific productivity. Gross primary production is calculated for 130 each PFT using an explicit photosynthesis model and full accounting of the water and energy 131 143
The fire module in LPX-Mv1 represents the influence of potential ignition rates, vegetation 144
properties and weather conditions on biomass burning through explicit formulations of the 145 probability of fires starting, their rate of spread, fire intensity and the amount of fuel combusted, 146 and the consequences for the mortality and regeneration of different PFTs. The model simulates 147 multiple aspects of the fire regime (number of fires, fire type, intensity, frequency and burnt area), 148
and changes in these characteristics influence vegetation composition. 149
150
Fire is explicitly simulated in each grid cell on a daily time-step. This temporal resolution means 151 that the model is adapted to using daily mean climate conditions as inputs; it does not take account 152 and calculated using the Rothermel equations (Rothermel 1972) . Fires are assumed to be elliptical 169 and fire size is therefore calculated using a simple geometric relationship with rate of spread. Wind 170 speed is modulated by vegetation type and density, as measured by foliar projective cover. Burnt 171 area is calculated as the product of the number of fires and fire spread. 172
173
Mortality occurs through crown scorching and cambial death, where cambial damage is determined 174 by fire intensity and residence time in relation to the bark thickness of woody vegetation. In LPX-175 Mv1, the PFT-specific bark thickness is specified as a range when new populations establish. Fires 176 will preferentially remove thin-barked trees, leading to a change in average bark thickness as a 177 consequence of fire history (Kelley et al. 2014) . Resprouting PFTs survive fires if there is 178 unconsumed above-ground biomass; plant size and productivity after resprouting is, however, 179 reduced in proportion to the amount of biomass consumed. 180 181 Given its spatial and temporal resolution, LPX-Mv1 is particularly well adapted to simulate prescribed as in the historic simulation. However, since the number of dry-day strikes is determined 223 by number of wet days per month, the interannual variability in the number of dry strikes is 224 different in the future simulations from in the historic period. LPX-Mv1 is also driven by 225 atmospheric CO 2, which changes in the RCP4.5-driven simulations from 380.8 to 576 ppm by 2080 226 CE and stabilises thereafter. In the RCP8.5 simulations, CO 2 concentrations increase continuously 227 to reach 1231 ppm by 2100. To examine the direct impact of increasing CO 2 on vegetation 228 productivity and water-use efficiency, we made additional simulations in which climate varied but 229 We used benchmarking metrics where performance is expressed relative to a mean and random 240 model for each variable (Kelley et al. 2013) to evaluate the realism of the simulations. We use the 241 normalized mean error (NME) to account for geographic patterning in comparisons of total values 242 and annual averages; these scores provide a description of the spatial error of the model (Table 3) . 243
The NME takes the value zero when agreement is perfect, unity when agreement is equal to that 244 expected when the mean value of all observations is substituted for the model, and values > 1 when 245 the model's performance is worse than the null model. We use the Manhattan Metric (MM) for 246 measures of relative abundance (i.e. where the sum of items in each grid cell must be equal to one, 247 e.g. for vegetation cover). MM takes the value 0 for perfect agreement, and 2 for complete 248 disagreement. Temporal differences in the timing of the fire season were assessed by calculating the 249 mean phase difference (MPD, Table 3 ) in months between observation and simulations, where 0 250 indicates perfect agreement and 1 perfect disagreement in timing. 251 252 Two null models were constructed for each benchmark to facilitate interpretation of the metric 253 scores ( Table 3) . The "mean null model" compares each benchmark to a data set of the same size, 254
filled with the mean of the observations. The "random null model" is constructed by creating a data 255 set of the same dimensions as the benchmark data set by bootstrap resampling of the observations, 256 using 1,000 randomizations to estimate a probability density function of the scores. individual simulations for each of the RCP scenarios, with and without changes in CO 2 (RCP4.5 269 varying-CO 2 , RCP4.5 fixed-CO 2 , RCP8.5 varying-CO 2 , RCP8.5 fixed-CO 2 ). The robustness of the 270 simulated changes is assessed by the agreement between models, while significance is measured by 271 the strength of the change relative to interannual variability in the historic period (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . trees. The boundary between shrubland and woodland is set at 2% tree cover and that between 281 woodland and forest at 60% tree cover. 282
284
Results 285 286
Simulation of present-day vegetation properties and fire regimes 287
288 LPX-Mv1 reproduces the observed pattern of tree and grass abundance reasonably well, though 289 there is less woody vegetation in northern Australia and more in southeastern Australia than 290 observed ( Figure 2 ; Table 3 ). Although the model underestimates the amount of woody vegetation 291 (Table 3) (Table 3) ; the largest discrepancies are in areas where tree cover is 298 underestimated. Similarly, the model simulates fine-fuel production comparable to observed values 299 (Table 3 : simulated mean 202g/m 2 /yr compared to observed mean values of 230 g/m 2 /yr). 300
Benchmark metrics show LPX-Mv1 performs much better than the mean and randomly-resampled 301 models for most vegetation properties (Table 3) . Nevertheless, the model correctly predicts the broad-scale patterns in fire seasonality (Table 3) , 308
including the prevalence of fires in autumn and winter in northern Australia and in spring and 309 summer in southern Australia. However, there are discrepancies in the timing of peak fire month 310 and fire-season length in central Australia: the timing of the peak fire month can differ by more than 311 3 months and the fire season can be longer by a similar amount. Table 4 ). Thus, the simulated increase is only 12% (RCP4.5) or 24% 336 (RCP8.5) of the historic burnt area. Despite the increase in fire, tree cover increases during the 337 century and reaches nearly 22% by the end of the century in the RCP8.5 simulations. 338 339
3.3 Regional fire regime changes 340 341 Despite the decrease in precipitation in northern Australia, there is a significant decrease in fire in 342 both the RCP scenarios. Burnt area in northern Australia is reduced from 0.08 Mkm 2 yr -1 in the 343 historic simulations to 0.05 Mkm 2 yr -1 in the RCP 4.5 simulations and to 0.04 Mkm 2 yr -1 in the 344 RCP8.5 simulations ( Figure 5 ; Table 4 ), representing a 35% (RCP4.5) or 47% (RCP8.5) decrease in 345 the historic burnt area. Part of the explanation for the decrease is that simulated surface wind speeds 346 decrease during the fire season, limiting fire spread. The reduction in fire is accompanied by an 347 increase in tree cover, from 19% during the historic period to 37% by the end of the 21 st century in 348 the RCP4.5 scenario and to 62% by the end of the 21 st century in the RCP8.5 scenario. The increase 349 in tree cover leads to a shift in the ratio of fine to coarse fuel: although fuel loads are increased 350 overall, the increase in coarse fuel is larger than the increase in fine fuel ( Figure 5 ). As a result of 351 this shift, the fuel dries more slowly and this inhibits fire. The increased tree cover reduces rates of 352 fire spread (and hence burnt area) by further decreasing ground wind speed (Rothermel 1972 ). The 353 increase in tree cover is due to the CO 2 -induced increase in C 3 plant water-use efficiency ( Figure 6 ). 354
Comparison with the fixed-CO 2 simulation shows that climate change alone produces a decrease in 355 tree cover by 10% and 8% in RCP4.5 and RCP8.5 respectively and no significant change in fire 356 (Table 5) . Table 4 ), representing a 78% (RCP4.5) or 142% (RCP8.5) increase relative to the historic 362 burnt area in this region. The increased temperatures and decreased precipitation over most of this 363 region increase fire danger (Figure 4 ). Under present-day conditions, low fuel loads limit burnt area 364 in much of the interior; increased temperature and decreased precipitation should further reduce 365 vegetation productivity and hence fuel loads. Thus, the simulated increase in fire in the interior is 366 predominantly a result of the direct impacts of CO 2 on vegetation productivity ( Figure 6 ). In the 367 fixed-CO 2 simulations, NPP is decreased by 13% in the RCP4.5 and 26% in the RCP8.5 368 simulations compared to the historic simulation, resulting in reduced fuel and a decrease in burnt 369 area compared to the historic period in both scenarios (Table 5; Figure 6 ). 370 371 Southeastern Australia has some of the largest increases in fire, with some areas experiencing a 10-372 20% increase in burnt area by the end of the century in both RCP simulations ( Figure 4 , Table 4 ). 373
These increases result from a combination of increased fuel load and decreased fuel moisture 374 ( Figure 5 ). The increase in fuel load is a result of CO 2 fertilisation ( Figure 6 ): in the fixed-CO 2 375 simulations fuel load is reduced to 1.06 and 0.73 kg m 2 , in the RCP4.5 and RCP8.5 simulations 376 respectively, compared to 1.2 kg m 2 in the control simulation. Despite the increase in fire, tree cover 377 still increases in the southeastern interior ( Figure 4) . In contrast, tree cover is reduced in forested 378 coastal regions (from 81% in the control simulation to 73-74% in the RCP simulations, Table 4 ), 379 largely due to increases in fire in areas with low fire in the historic period ( Figure 4) . Table 4 ), representing a 37% (RCP4.5) or 28% 384 (RCP8.5) increase in the historic burnt area. There is only a small and non-robust change in fuel 385 moisture, and the increase in fire is almost entirely driven by an increase in fuel loads ( Figure 5 ) 386 with average fuel loads increasing from 0.27 kg m 2 to 0.33 and 0.36 kg m 2 in RCP4.5 and RCP 8.5 387 respectively. This increase in fuel load is a result of CO 2 fertilization. In the fixed-CO 2 simulations, 388 fuel loads decreased by 0.02 kg m 2 in the RCP4.5 and 0.08 kg m 2 in the RCP8.5 simulations 389 compared to the historic simulation ( Table 5 ). The regional increase in fire is driven by changes in 390 the woodland and grassland areas of the interior; fire decreases in those areas where forest replaces 391 sclerophyll woodland (Figure 4; Figure 7 ) due a higher proportion of coarser fuel which dries more 392 slowly. Overall, tree cover in southwestern Australia increases from 17% in the historic simulations 393 to 22% in the RCP4.5 and 32% in the RCP8.5 simulations, partly due to the conversion from 394 sclerophyll woodland to forest but also due to increases in the interior despite the increase in fire. (Figure 7) . The pattern of expansion/contraction of major 400 biomes is similar in the two RCP scenarios, but more exaggerated in RCP8.5. The area of grass and 401 shrubland is reduced from 5.34 Mkm 2 in the historic simulation to 4.91 Mkm 2 in the RCP4.5 and 402 3.08 Mkm 2 in the RCP8.5 simulation, equivalent to a decrease of 8% and 42% respectively. These 403 changes largely reflect the expansion of tropical savanna in northern Australia (Figure 7 ). This 404 conversion occurs because of CO 2 fertilization and despite small but significant increases in fire: 405 there is no southward expansion of tropical savanna in the fixed-CO 2 RCP4.5 simulations and 406 grasslands expand in the fixed-CO 2 RCP8.5 simulations (except in the region along the northeastern 407 coast). Much larger increases in fire (by ca 15%) cause grassland to expand into sclerophyll 408 woodlands in southern Australia (Figure 7) , reducing the area of sclerophyll woodlands by 0.32 409 Mkm 2 in RCP4.5 and 0.25 Mkm 2 in RCP8.5. This expansion is even more pronounced in the fixed-410 CO 2 experiments: in the RCP8.5 simulation, for example, sclerophyll woodland is barely expanded 411 beyond the area occupied by temperate forests in the present day. Thus, increased CO 2 offsets the 412 negative impacts of increased fire on sclerophyll woodlands in southern Australia. The area of 413 warm temperate broadleaved forest expands during the 21 st century by 45% and 104% respectively 414 in the RCP4.5 and RCP8.5 simulations. This expansion also reflects CO 2 fertilization as the area of 415 warm temperate broadleaved forest is reduced slightly compared to present in the fixed-CO 2 416 simulations ( Figure 7) . 417
418
Even within regions where there is no change in biome by the end of the 21 st century, the simulated 419 changes in climate and fire regimes result in changes in the character of the vegetation (Figure 8) . 420
Thus, areas that are characterized as tropical savanna both today and at the end of the 21 st century 421 nevertheless show an increase in tree cover. The increase in tree cover results from a large increase 422 in the abundance of non-resprouting trees and there is a decrease in the relative importance of 423 resprouters in these ecosystems (Figure 8 ). Both the increase in tree cover and the increase in the 424 relative importance of non-resprouters are consistent with the simulated decrease in fire. In areas 425
where tropical forests persist, increased fire leads to a decrease in tree cover overall but an increase 426 in the abundance of resprouting trees which partially offsets the decrease in non-resprouting trees 427 ( Figure 8 ). Again, both the decrease in tree cover and the shift in the balance of resprouting to non-428 resprouting trees are consistent with the change in fire. Areas that persist as sclerophyll woodland in 429 southeastern and southwestern Australia show an increase in tree cover despite the simulated 430 increase in fire, and this is reflected in an increase in the importance of resprouting trees. Areas that 431 persist as grass and shrubland, nevertheless show a small CO 2 -induced increase in woody cover. 432
The increase in non-resprouting trees is greater than the increase in resprouting trees, because they 433 have a competitive advantage over resprouters in terms of regeneration from seed in areas of low 434 vegetation density. The incidence of fire increases but is still limited by fuel availability, and thus is 435 not a major determinant in the balance between resprouters and non-resprouters in this ecosystem. 436
The balance between resprouting and non-resprouting trees is affected by changes in fire regimes 437 but is also affected by changes in other ecosystem properties. This is most clearly seen in areas that 438 persist as temperate forests in southeastern Australia. The decrease in tree cover in this region 439 ( Figure 8 ) is largely driven by increased aridity, rather than fire. In the absence of a significant 440 increase in fire, the relative abundance of non-resprouters increases because they have higher 441 regeneration rates than non-resprouters. However, the expected impact of a change in fire regime on 442 the relative abundance of resprouters and non-resprouters is seen in the comparison of the RCP4.5 443 and RCP8.5 results, where the larger increase in fire in the RCP8.5 scenario results in a smaller 444 relative increase in non-resprouters and a smaller relative decrease in resprouters (Figure 8) . major management tool in northern Australia, for example, and have been invoked to explain the 509 large area burnt there annually (Murphy et al., 2013) . However, in contrast to many other fire 510 models, LPX-Mv1 does not include anthropogenic ignitions. Our motivation for this is that the 511 number of ignitions is not a limiting factor on overall burnt area at a regional scale; regional 512 analyses have shown that burnt area is strongly controlled by fuel availability and fuel moisture 513 The RCP4.5 and RCP8.5 scenarios represent a moderate and a high-end increase in radiative 522 forcing over the 21 st century, leading to an increase in global temperature of 1.8±0.7 and 3.7±1.1° 523 respectively by the end of the century. However, our simulations do not take into account possible 524 increases in the frequency of lightning associated with warming temperatures and increased 525 convection because of the large uncertainty about the quantitative relationship between these 526 variables. Increases in the number of lightning strikes might lead to increases in ignitions, but this 527 would not necessarily translate into an increase in firethere is an increasing amount of evidence 528
indicating that the number of ignitions is not the limiting factor on biomass burning globally 529 (Bistinas et al. 2014; Knorr et al. 2016 ). Nevertheless, changes in lightning ignitions could be 530 important at a regional scale and it would be useful to take such changes into account. Our results 531 involve a further simplification in that we do not include anthropogenic fire suppression, or how 532 this might change in response to the growth of population or changing patterns of human settlement. 533
Although this decision was largely pragmatic, it also reflects the relatively simple approach to 534 treating fire suppression in state-of-the-art models (Hantson et al. 2016) . 535
536
The trajectory of future climate and CO 2 change is uncertain and our focus on the RCP4.5 and 537 RCP8.5 scenarios therefore arbitrary. Furthermore, there are non-negligible differences in the 538 response of different climate models to these changes and the use of an ensemble of models does 539 not guarantee that the average state is realistic (Tebaldi and Knutti 2007; Knutti 2010) . 540
Furthermore, LPX-Mv1 itself has regional biases in both the amount of vegetation cover (and hence 541 fuel loads) and in the simulated burnt area under modern conditions. These biases likely affect the 542 absolute magnitude of simulated changes during the 21 st century, although they should not impact 543 on the direction and relative magnitudes of change. Thus, for many reasons, our results are 544 indicative rather than definitive statements about the likely changes in regional fire regimes and 545 vegetation during the 21 st century across Australia. However, process-based modelling provides a 546 tool for addressing the complexity of the interaction between vegetation and fire, and these 547 simulations show that future fire regimes are influenced by these interactions. The projections 548 should provide a more robust basis for developing fire management and mitigation strategies. Manhattan Metric (MM) is used to assess vegetation properties, the normalized mean error (NME) 839 to assess fine fuel loads, burnt area and carbon, and the mean phase difference (MPD) to assess fire 840 seasonality. Values for the mean and random null model for each variable are given for comparison. 841
Values that are better than the mean null model are shown in italics, values that are better than the 842 random null model are indicated by an asterisk. 843 844 Table 4 : Summary of changes in climate (mean annual temperature: MAT; mean annual 845 precipitation: MAP, ratio of actual to equilibrium evapotranspiration: α), vegetation parameters (net 846 primary production: NPP; tree cover, amount of fine fuel, amount of coarse fuel) and fire (burnt 847 area) over the 21 st century, based on ensemble averages of the simulations driven by the RCP4.5 848 and RCP8.5 climate scenarios, for Australia as a whole and for the four sub-regions used in this 849 study. The total land area for each region is given in brackets, for comparison with the values for 850 burnt area. 851 852 Table 5 : Summary of changes in vegetation parameters (net primary production: NPP; tree cover, 853 amount of fine fuel, amount of coarse fuel) and fire (burnt area) over the 21 st century, based on 854 ensemble averages of the simulations driven by the RCP4.5 and RCP8.5 climate scenarios but with 855 CO 2 held constant at the 2006 level of 380.8 ppm (fixed-CO 2 experiment). 856 857 Historic 20 251 0.11 0.14 0.81 0.02 0.006 0.06 RCP4.5 23 ± 0.54 232 ± 31 0.10 ± 0.01 0.17 ± 0.03 0.63 ± 0.14 0.05 ± 0.01 0.002 ± 0.001 0.11 ± 2.98 RCP8.5 25 ± 0.88 210 ± 50 0.08 ± 0.02 0.22 ± 0.06 2.62 ± 1.18 0.06 ± 0.02 0.003 ± 0.001 0.15 ± 4.49
North (0.81M km 2 )
Historic 27 1161 0.31 0.50 16 0.22 0.40 0.08 RCP4.5 29 ± 0.57 1113 ± 82 0.33 ± 0.03 0.65 ± 0.08 37 ± 9.52 0.36 ± 0.10 2.90 ± 1.7 0.05 ± 0.88 RCP8.5 31 ± 1.05 1121 ± 139 0.32 ± 0.04 0.87 ± 0.13 62 ± 13 0.54 ± 0.19 5.3 ± 3.0 0.04 ± 0.62 880 
